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BREAST CANCER THERAPY USING ANTIBODY-ENDOSTATIN FUSION PROTEINS

INTRODUCTION

Angiogenesis is critical for growth of primary tumor and for the development of metastasis.
Antiangiogenic therapy with agents such as endostatin is under active investigation. Early human trials
showed endostatin to be safe, but minimal activity has been observed.®* Dosage and schedules may
have been suboptimal, and/or late stage disease may not be responsive to recombinant human
endostatin. HER2 is overexpressed in 30% of breast cancer and phase |1 trials of Herceptin
demonstrated an 11% response rate in HER2+ patients with metastatic breast disease.”® Combining
Herceptin with chemotherapy enhances anti-tumor activity resulting in an objective response rate of 60
% or greater in several phase 111 trials.>”® To produce a more effective form of Herceptin and improve
the efficacy of endostatin, we have constructed an anti-HER2 1gG3-Cy3-endostatin fusion protein by
joining murine endostatin to the 3’ end of humanized anti-HER2 19G3.° Preliminary data using an
antibody-murine endostatin fusion protein suggests enhanced effectiveness of anti-HER2 1gG3-
endostatin may be due to longer endostatin half-life and the selective targeting of endostatin to tumor
by anti-HER2 antibody due to the presence of a fused antiangiogenic factor.’

The objective of the proposal is to develop and test novel antibody-fusion proteins with specific
ability to deliver antiangiogenic factors to tumors by linking an antiangiogenic factor, human
endostatin, with the targeting specificity of an antibody directed against HER2 in order to direct
localization of endostatin to the tumor site. Application of the strategy in humans will require careful
evaluation of antibody fusion protein antigenicity and might benefit from use of a human endostatin
fusion domain. If the antibody-endostatin fusion protein is specifically targeted to the surface of tumor
cells, it will be more effective because of retained antibody effector functions, effects on HER2
signaling, and improved ability to inhibit neovascularization in a tumor specific fashion.

To achieve our goals, we set up three specific aims. I. Design and synthesize two variant antibody-
human endostatin (huEndo) fusion proteins (anti-HER2 1gG3-Hinge-huEndo and anti-HER2 1gG3-
Cn3-huEndo) directed against HER2, which differ in Fc region and its ability to mediate antibody
effector functions (Fig. 1). Il. Test the antiangiogenic activity of anti-HER2 antibody-human
endostatin fusion protein(s) in vitro and in vivo. Ill. Study the antibody-endostatin fusion proteins in
vivo for effects on tumor growth in animal tumor and/or human xenograft models.

A. Anti HER2 1gG3 B.H-huEndo  C_Cy3-huEndo Fig. 1. Schematic diagram of anti-HER2 IgG3-human

endostatin fusion proteins. Endostatin domain in orange.

BODY
Specific Aim |. Design and synthesize two variant antibody-human endostatin (huEndo) fusion
proteins (anti-HER2 1gG3-Hinge-huEndo and anti-HER2 1gG3-Cx3-huEndo) directed against
HERZ2, which differ in the Fc region and its ability to mediate antibody effector functions.
Task 1. Construction and expression of anti-HER2 1gG3-H-huEndo and anti-HER?2 1gG3-Cy3-
huEndo fusion proteins (Months 1-6).
a. Construct anti-HER2 antibody-human endostatin fusion genes.
b. Express anti-HER?2 antibody-human endostatin fusion genes.
Task 2. Produce anti-HER2 H-huEndo and anti-HER?2 1gG3-Cy3-huEndo fusion proteins and
endostatin (Months 1-24).
a. Produce anti-HER2 antibody-human endostatin fusion proteins in milligram quantities.
b. Evaluation of antibody-mediate functions
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I. Binding ability to HER2
ii. Affinity measurement

Iii. Measure immunoreactivity
c. Fc associated effector function.
i. Complement-dependent cytotoxicity (CDC)
ii. Antibody-dependent cell-mediated cytotoxicity (ADCC)
Task 3. Determine pharmacokinetics, tumor targeting ability, and tissue biolocalization of
endostatin fusion proteins (Months 7-12).
a. Serum half-life of anti-HERZ2 antibody-endostatin fusion proteins.
b. Biodistribution and biolocalization of antibody-endostatin fusion proteins.
Task 4. Analyze antigenicity of the fusion proteins by ELISA (Months 7-12).

Construction and expression of human endostatin and a mutant
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Human endostatin (huEndo) gene originated from the
human collagen, type XVIIl, alpha 1 gene by PCR using
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CCCCTCGCGATATCACAGCCACCGCGACTTCCAGCCG
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CCCCGAATTCGTTAACCCTTGGAGGCAGTCATGAAGC.
The PCR products were cloned into pCR-Blunt 1I-TOPO vector
and sequenced. After sequencing, clones containing wild-type
human endostatin and single-point mutant clones at a position
125 (An alanine residue was substituted for proline at position
125 by site-directed mutagenesis using primer 5'-
GGCTCGGACGCCAACGGGCGC; P125A.) were identified.
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subsequently cloned into p3xFLAG-CMV-9 vector under the
control of the human cytomegalovirus promoter, in which
preprotrypsin leader sequence precedes the FLAG sequence
(Fig. 2).%*** The FLAG-tagged human endostatin will be
distinguishable from the endogenous endostatin in vivo.
p3XFLAG-CMV-9-huEndo and p3xFLAG-CMV-9-huEndo-
P125A vectors were stably transfected into COS cells and their
expression of endostatin is being investigated now.

Fig. 2. Cloning of human endostatin and a mutant endostatin (P125A). PCR
cloned human endostatin genes were subcloned into pBlunt 1I-TOPO vector,
and were subsequently cloned into 3XFLAG-CMV-9 vector to express secreted
human endostatin tagged with FLAG.

Construction of anti-HER?2 1gG3-human endostatin fusion proteins

The subcloned huEndo and huEndo-P125A genes were ligated in frame to the carboxyl end of the
heavy chain constant domain (Hinge or Cy3) of human IgG3 in the vector pAT135 as described
previously (Fig. 3)'® and the endostatin heavy chain constant region was then joined to an anti-HER2
variable region of a recombinant humanized monoclonal antibody 4D5-8 (HER2, trastuzumab;
Genentech) in the expression vector (pSV2-his) containing HisD gene for eukaryotic selection (Fig.

4).17,18
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Expression of anti-HER2 1gG3-human endostatin fusion proteins

The anti-HER2 1gG3-huEndo fusion protein constructs were stably transfected into SP2/0 or
P3X63Ag8.653 myeloma cells stably expressing the anti-HER2 kappa light chain to assemble the
entire anti-HER2 IgG3-huEndo fusion proteins as described previously (Fig. 5).*° The anti-HER2
IgG3-huEndo fusion proteins were biosynthetically labeled with [*>S]methionine and analyzed by
SDS-PAGE (Fig. 6)." Anti-HER2 1gG3-huEndo fusion proteins of the expected molecular weight
were secreted as the fully assembled HzL2form (Fig. 6). The endostatin fusion proteins are being
purified from culture supernatants using protein A immobilized on Sepharose 4B fast flow.

Anti-HER2 Kappa

Ligfht Chain
Fig.5. Producing transfectants expressing anti-HER2 19gG3-
huEndo fusion proteins. Anti-HER2 kappa light chain
producer was generated by electroporation, and subsequently
Light Chain the light chain producer was transfected with anti-HER2
1gG3-huEndo fusion heavy chain gene. The huEndo fusion
protein producers were identified through ELISA.

Anti-HER2

Ck,

Anti-HER2 Kappa Producer

o

Electroporation
SP2/0 or P3X63Ag8.653

CHl
Anti-HER2

Heavy Chain

Electroporation

BamHI

Anti-HER2 1gG3-huEndo
Heavy Chain

H-huEndo Anti-HER?2 IgG3-huEndo
Cu3-huEndo Fusion Protein Producer
o s 2= . . . .
Eﬁ E 5 5§ Fig. 6. Immunoprecipitation and SDS-PAGE analysis of anti-HER2 1gG3-huEndo
st d 8 2 EZL mw fusion protein. The secreted anti-HER?2 1gG3-huEndo fusion proteins biosynthetically
v o 9 = =T kDa labeled with [**S] methionine was immunoprecipitated with Protein A and analyzed under
~ 2 non-reducina condition. Control anti-HER2 1aG3 (1aG3) is included for comparison.

HL,

To confirm that the endostatin moiety is present in the anti-HER2 1gG3-
huEndo proteins, the purified fusion proteins are being analyzed by Western
"*  blotting as described previously.® Antibody functions of the endostatin
-30 fusion proteins are under investigation. We will continue to pursue Aim |
which was not completed during the first year of the grant.

- 66

-20
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Specific Aim |1I. Test the antiangiogenic activity of anti-HER?2 antibody-human endostatin fusion
protein(s) in vitro and in vivo.
Task5. Analyze HER2 signaling (Months 4-18).
a. Proliferation of tumor cells using *H-thymidine.
b. MMT assay.
c. PI3K/Akt signaling pathway.
d. p27/Cdk2 complex formation.
Task 6. Analyze antiangiogenic activities (Months 8-18).
a. Chorioallantoic membrane (CAM) assay.
b. Endothelial cell proliferation assay.
c. Endothelial cell migration assay.
Task 7. Analysis of antiangiogenesis (Months 12-24).
a. Immunohistochemical staining.
b. Confocal microspcopic analysis.
Task 8. Examine VEGF/VEGFR and PDGF/PDGFR expression in tumors (Months 12-24).
a. Immunohistochemical staining.
b. RT-PCR using TagMan.

We will focus on testing antiangiogenic efficacy of the fusion proteins in vitro/in vivo during the
second year of the grant.

Specific Aim I11. Study the antibody-endostatin fusion proteins in vivo for effects on tumor
growth in animal tumor and/or human xenograft models.
Task 9. Anti-tumor activity in human tumor xenografts (Months 18-24)
a. Monitoring tumor growth inhibition.
b. Analyze blood vessel formation.
Task 10. Anti-tumor activity in metastatic models (Months 21-27)
a. Monitoring mouse survival.
b. Analyze blood vessel formation in tissues with metastatic tumors.
Task 12. Anti-tumor activity in orthotopic metastatic models (Months 24-36)
a. Monitoring mouse survival.
b. Analyze blood vessel formation in tissues with metastatic tumors.
Task 13. Combination treatment (Months 24-36)
a. PDGF blockade: Imatinib (Months 24-30)
i. Monitoring tumor growth inhibition.
ii. Analyze blood vessel formation in tumors.
b. VEGF blockade: Avastin (Months 24-30)
i. Monitoring tumor growth inhibition.
ii. Analyze blood vessel formation in tumors.
c. Metronomic therapy (Months 27-36)
i. Cyclophosphide
ii. Taxanes
iii.Monitoring tumor growth inhibition
iv.Analyze blood vessel formation in tumors

In the third year, we will continue to focus on testing efficacy of the fusion proteins in vivo in
tumor models. This will include in vivo targeting and tumor challenge experiments using the huEndo
fusions in the EMT6-HER2 mouse tumor model and/or the SKBR-3 human breast cancer xenograft

8
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model to confirm the tumor regression experiment results and enhanced anti-tumor activity with
combination therapy.

KEY RESEARCH ACCOMPLISHMENTS

1. Wild type and mutant type (P125A) of human endostatin have been constructed and expressed.

2. Anti-HER?2 1gG3-huEndo fusion proteins (Hinge-huEndo and Cy3-huEndo) of the expected
molecular weight were secreted as the fully assembled H,L, form.

3. Mutants (P125A) of anti-HER2 1gG3-huEndo fusion proteins (Hinge-huEndo and Cy3-huEndo) of
the expected molecular weight were secreted as the fully assembled H,L, form.

REPORTABLE OUTCOMES

A U.S. patent application (10/858,980) has been filed on June, 2004 (Appendix 1). This patent
application covers chimeric antibody molecules and methods of use as an anticancer therapeutic. The
results of this grant will support the patent application.

CONCLUSIONS

The wild type and the mutant type (P125A) of human endostatin were constructed with FLAG
tagging to distinguish from the endogenous human endostatin. The anti-HER2 1gG3-huEndo fusion
proteins were constructed as wild type and mutant type (P125A) and were stably transfected into SP2/0
or P3X63Ag8.653 myeloma cells. The secreted huEndo fusion proteins have a molecular weight of
220 kDa for the anti-HER?2 1gG3-Cy3-huEndo fusion protein and 160 kDa for the anti-HER2 1gG3-
Hinge-huEndo fusion protein. The huEndo fusion proteins were faithfully secreted as the fully
assembled HzL2 form.

The prolonged half-life of anti-HER2 1gG3-huEndo fusion protein and the ability to localize to
tumors will increase effective exposure of tumor to endostatin thereby potentiating endostatin activity.
The combination of antibody targeting and endostatin may improve efficacy over either antibody or
antiangiogenic factor alone.
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Appendix 1 Akerman Senterfitt

ATTORNEY DOCKET NUMBER
COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

(Includes Reference to PCT International Applications)

7230-13

As a below named inventor, | hereby declare that:
My residence, mailing address and citizenship are as stated below next to my name.
| believe that | am the original and first inventor of the subject matter which is claimed and for

which a patent is sought on the invention entitled:
CHIMERIC MOLECULES AND METHODS OF USE

the specification of which (check only one item below):

[ ] is attached hereto.

[O] was filed as U.S. Patent Application Serial Number 10/858,980

on 06/02/2004 , as amended on (if applicable).
[ ] was filed as a PCT international application number on
, as amended on (if applicable).

| hereby state that | have reviewed and understand the contents of the above-identified
specification, including the claims, as amended by any amendment referred to above.

| acknowledge the duty to disclose information which is material to patentability as defined in 37
CFR §1.56, including for continuation-in-part applications, material information which became
available between the filing date of the prior application and the national or PCT international
filing date of the continuation-in-part application.

| hereby claim foreign priority benefits under 35 U.S.C. §119(a)-(d) or (f), or §365(b) of any
foreign application(s) for patent, inventor's or plant breeder's rights certificate(s), or §365(a) of
any PCT international application which designated at least one country other than the United
States of America, listed below and have also identified below any foreign application(s) for
patent, inventor's or plant breeder's rights certificate(s), or any PCT international application
having a filing date before that of the applications on which priority is claimed:

Prior Foreign Application Country Foreign Filing Date Prior?ty Not Certified Copy
Number(s) (MM/DD/YYYY) Claimed Attached?

O OVYES CONO

O O vYes NO

O O Yes NO

O OVYES CONO

[ Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto:

PTC 1391 Rev 10-83 Page 1 of 2 US DEPARTMENT OF COMMERCE Patent and Trademark Office

{AKERMA~1;1}
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Appendix 1

Akerman Senterfitt

COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

(Includes Reference to PCT International Applications)

ATTORNEY DOCKET NUMBER

7230-13

application:

I hereby claim the benefit under 35 U.S.C. Sections 120 or 119(e) of any United States application(s) listed below
and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States
application in the manner provided by the first paragraph of Title 35, United States Code, Section 112, | acknowledge
the duty to disclose material information as defined in Title 37, Code of Federal Regulations, Section 1.56(a) which
occurred between the filing date of the prior application and the national or PCT international filing date of this

PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S. FOR BENEFIT UNDER 35 U.S.C. §120:

U.S. APPLICATIONS

STATUS (Check One)

U.S. APPLICATION NUMBER

U.S. FILING DATE

PATENTED ABANDONED PENDING

60/475,015

JUNE 2, 2003

PCT APPLICATIONS DESIGNATING THE U.S.

PCT APPLICATION NUMBER

PCT FILING DATE

U.S. SERIAL NUMBERS

POWER OF ATTORNEY: As a named inventor, | hereby appoint registered patent practitioners associated with Customer Number
304438 to prosecute this application and transact all business in the U.S. Patent and Trademark Office connected therewith.

Send Correspondence to: *Customer Number 30448* Direct Telephone Calls to: Nicholas A. Zachariades
Akerman Senterfitt
P.O. Box 3188 (561) 653-5000
West Palm Beach, FL 33402-3188
FULL NAME FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME
OF INVENTOR 1 5y SEUNG-UON

201 |RESIDENCE & [cITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP
CITIZENSHIP MIAMI FLORIDA UNITED STATES
MAILING MAILING ADDRESS cITY STATE & ZIP CODE/COUNTRY
ADDRESS 11700 S.W. 69TH COURT

MIAMI FLORIDA, 33156
FULL NAME FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME
OF INVENTOR
MORRISON SHERIE L.

202 |RESIDENCE & |cITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP

CITIZENSHIP

LOS ANGELES CALIFORNIA UNITED STATES
MAILING MAILING ADDRESS cITY STATE & ZIP CODE/COUNTRY
ADDRESS

258 DENSLOW AVENUE LOS ANGELES CALIFORNIA 90049
FULL NAME FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME
OF INVENTOR

ROSENBLATT JOSEPH D.

203 |RESIDENCE & |cITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP
CITIZENSHIP HOLLYWOOD FLORIDA UNITED STATES
MAILING MAILING ADDRESS cITY STATE & ZIP CODE/COUNTRY
ADDRESS

3325 OAK HILL STREET HOLLYWOOD FLORIDA 33312

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to
be true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the
application or any patent issuing thereon.

SIGNATURE OF INVENTOR 201

SIGNATURE OF INVENTOR 202

SIGNATURE OF INVENTOR 203

DATE

DATE

DATE

PTC 1391 Rev 10-83
{AKERMA~1;1}
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